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INTRODUCTION AND SUMMARY 


A gradual decrease in injection rates commonly occurs as a water-flooding 
project becomes older. This decrease can be attributed to changes in reservoir 
conditions, such as swelling of clay minerals, fillup, or gradual plugging of the 
sand face. However, a rapid decrease in the rate of injection indicates abnormal 
behavior and is cause for alarm. Extreme plugging conditions can completely stop 
injections into a formation. Such behavior in wells was the main concern of the 
tests described in this report. 


An accepted method of alleviating this condition is by backflowing input 
wells - closing the supply lines to the wells and allowing the reservoir pressure 
to force water back into the wellbore and to the surface. If backflowing is not 
successful, a string of smaller diameter pipe sometimes is run inside the casing, 
and the sand face is flushed with a waterspray. More drastic treatment is to in- 
ject acid into the wellbore to dissolve extraneous matter, or even part of the 
reservoir material, in an attempt to restore the permeability of the sand immedi- 
ately around the wellbore. Any of these procedures can be coordinated with bailing 
and swabbing of the well for cleanout purposes. 


The cleanout methods described were designed to cause water to flow back and 
forth through the sand face; therefore, it would appear that adding a suitable de- 
tergent would aid cleaning procedures. Using detergents as additives to injection 
waters is not new (1,2,3,4).3/ Most of the experiments performed, however, have had 
increased oil production as their prime objective. While it is true that the ulti- 
mate goal of all waterflooding operations is increased oil production, the chief 
purpose of this experiment was to increase the efficiency of cleanout procedures, 
which should be manifested by increased injection rates, 


This report describes the type and condition of the reservoir treated, wellhead 
tests used to determine the efficiency of treatment, method and results of treatment, 
and significance of the results. 
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EXPERIMENTAL PROCEDURES 
Location of Test Site 


The Bonaventure Oil Corp. Wayside Flood No. 1, in the northeastern part of 
Washington County, Okla., secs. 1 and 12, T. 27 N., R. 13 E., was selected for the 
test. The formation flooded is the Wayside sand, which occurs at a depth of about 
550 feet. This flood was chosen because it offered test wells with known histories. 
The test wells had been treated previously with various acids and bailed, so the ef- 
fect of bailing and shutting in the wells is known. Figure 1 is a map showing the 
relative location of the wells and their status at the time of treatment. Reservoir 
and individual well characteristics are given in table 2. 


General Well Characteristics 


The wells selected for this test were completed in the Wayside sand at depths 
ranging from 540 to 550 feet. They were drilled through the formation and shot with 
approximately 1 to 1 1/2 quarts of nitroglycerin per foot of pay sand; 4-inch casing 
was set and cemented at the top of the sand. All the wells were cored; the results 
of the core analyses for the individual wells are shown in figures 2, 4, 6, and 8. 


An abnormally rapid decrease in injection rates early in the history of the 
flood indicated a plugging action rather than a normal pressure buildup in the res- 
ervoir. The location of these wells with respect to each other defines a narrow, 
impermeable strip and suggests a geologic cause common to all wells with low perme- 
ability. If the decrease in injection rates was caused by physical changes within 
the reservoir (such as swelling clay), then washing the faces of the wellbores could 
not be expected to improve injectivity. However, if the decrease was caused by de- 
posits of iron oxides or other insoluble salts, that blocked the sand faces mechani- 
cally, using detergents and other additives should help to increase the efficiency 
of cleanout procedures. 


Chemical Additives 


The detergent used in this test was supplied by Rohm & Haas Co., under the 
trade name Triton X-100; it is a polyoxyethylated, nonionic detergent. This partic- 
ular detergent was effective in removing oil from sand in earlier centrifugal-dis- 
placement tests (6,7). 


The citric acid was obtained from a local supply house in granular form and was 
dissolved in water before being used. 


Wellhead Tests 


Pressure-decline and injectivity-index tests (5) were performed at the wellheads 
before the wells were treated with detergent. The "skin factor" and effective perme- 
ability of the formation surrounding a particular well can be calculated from the 
rate of pressure decline and properties of the reservoir. The skin factor relates 
the permeability of the zone immediately around the wellbore to the permeability of 
the formation as a whole. A positive skin factor indicates a zone around the well- 
bore with lower permeability than that of the surrounding formation. A change in 
the skin factor to a more negative value after treatment indicates an improvement in 
the condition of the well. 
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Injectivity-index tests are made after enough time has elapsed for the pressure 
of a well to equalize with the pressure of the formation - accomplished by shutting 
in the well for several hours preceding the test. The tests are made by recording 
the rate at which a well will take water at regular steps of increased pressure. 
Table 1 gives the injectivity-index and skin factors for the wells both before and 
after treatment with detergent. 


TABLE l. - Individual wellhead tests 


Well No. 
Property tested | W-550 | W290 | W699 WR 42 
Injectivity index: 
Before eeee@e@eovoeaee@eoeeseeoee@eeenenn7e202 808680884808 


After @eeseeoeeoeeseeespea#aeovoeoeseeeoeesveeoeeseeetés @ 


Skin factor: 
Before @eeeee@eeeseesevceeveseeee@eeensvseeeoeeseeoeee#e 


After @eeoeoeeoee@eoe#@ eas oc eoeoeeoeveveeseeeeoeeense 6 


Slope of pressure-decline curve: 
BefOre .icicecseccesas DreSei./cycle 
After @eeooeea, @oeeaseoenenenee082 06 do. eee 


Change in slope eoaevveeveevece percent 
TABLE 2. - Reservoir and well characteristics 


Well No. 
Reservoir propert | W-55 | W-29 0 W694 2 

Sand thicknesSs ...ccccccccseees feet ‘ 
Porosity ..cccccccccccceceee percent 
Average permeability to air .... md. 
Capacity ...e.eeeeee. thickness x md, 
Oil saturation, pore space...percent 
Water saturation, pore space...do... 


Detergent Treatment 


The four input wells selected for the test were shut in for 12 hours before 
being treated with detergent to allow pressure in the wellbore to equalize with 
that in the reservoir. Three of the wells were opened and bailed dry immediately 
before 6 gallons of detergent, and enough water to dissolve and mix the solution as 
it filled the casing, were dumped into the wellbore. Then the injection-supply 
lines were connected to the wellhead, and about 2 barrels of water was injected. 
The wells were shut in overnight. The fourth well was not opened and served only 
as a control well. 


In one of the wells (W-55), the bailer was jostled up and down in the casing, 
as a further aid in cleaning the wellbore and shothole by mechanical agitation, 
while the wellbore was being partly filled with the detergent solution. 


The next day the wells were swabbed and bailed again. The large quantities of 
iron oxide, drilling mud, and chips of stone that emerged during bailing gave evi- 
dence that the procedure did remove considerable insoluble material from the well- 
bore; at least part of it probably was from the sand face. After the wells were 
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bailed as dry as possible, 12 gallons of detergent was poured into the wellhead, the 
water-supply lines were reconnected, and injection was resumed. Ten days after the 
detergent was used, wellhead tests again were made to determine the effect of the 
treatment. 


Well W-55 


Water injection into W-55 was begun January 4, 1955. Figure 3 is a graph show- 
ing the average weekly injection rate, in barrels per day; the average weekly well- 
head pressure, in pounds per square inch; and the injectivity, plotted as average 
rate/average pressure, Water was injected at an average rate of 97 barrels per day 
for the first 25 weeks. The average weekly wellhead pressure ranged from 339 p.s.i. 
during the lst week to 550 during the 25th week. The rate of water injection de- 
creased rapidly, although somewhat erratically, during the following weeks, gener- 
ally reflecting variations in wellhead pressures. Treating the well with 50 gallons 
of mud acid during the first week of the test period increased the rate of injection 
slightly. The well was given two additional acid treatments that resulted in a sub- 
stantial increase in the rate of injection into the formation. However, the results 
were rather short-lived; after 5 weeks the well was taking water at the same rate as 
before the acid treatments. During the 14th week of testing, the well was shut in 
for a 24-hour period to prepare for the detergent test. A pressure-decline test and 
an injectivity-index test were made. These tests were repeated after the detergent 
was used to determine the efficiency of the treatment. A summary of the results of 
these and similar tests on the other wells is shown in figure 2 and table l and dis- 
cussed more completely below. 


On February 16, 1956 (26th week), well W-55 was bailed, and 6 gallons of Triton 
X-100 and 2 barrels of water were run into the well. The solution was mixed thor- 
oughly by agitating it with the bailer. The well then was filled with water to the 
surface and closed to the atmosphere, after which 1 barrel of water was injected at 
plant pressure,and the well was shut in overnight. The following morning the well 
was opened; it backflowed at a high rate after the detergent treatment. The foam 
and water that flowed into the tank contained clay, sand, and an appreciable quan- 
tity of red iron oxide. The well again was bailed dry, and 10 gallons of detergent 
was poured into the wellbore. The casing was filled with water, and the well was 
connected to the main water-supply line. On March 1 (28th week) the pressure-de- 
cline and injectivity-index tests were repeated (fig. 2). A decrease in the injec- 
tion pressure was accompanied by a decrease in the injection rate. Wellhead tests 
indicated that the detergent treatment increased the injectivity index and improved 
the skin factor. 


During the week of April 22 (36th week) the operator had the well cleaned 
and reshot with 45 jet shots; then the well was cleaned again, acidized with 50 gal- 
lons of 15-percent hydrochloric acid, and reconnected to the main waterline. No in- 
crease in the rate of water injection was observed. On June 4, 5, and 6 (42d week) 
15 pounds of citric acid was dissolved in water and lubricated into the wellhead 
each day. This treatment increased the rate of water injection from an average of 
7 barrels per day to 19 and 24 barrels for the next 2 weeks, respectively. 


Ou July 13 (46th week) the well was treated with a solution of 1 1/2 pounds of 
citric acid and 1 1/2 pounds of Triton X-100. This treatment was followed by a sub- 
stantial increase in the rate of water injection (about 36 percent when the pressure 
remained steady) for the next 6 weeks. It seems unlikely that this inconsiderable 
treatment should be given all the credit for the marked improvement in the behavior 
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Figure 3. - Injection record of well W-55. 
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of the well. Rather, it probably should be attributed to the cumulative effects of 
the several treatments. 


Well W-29 


Water injection into well W-29 was begun January 5, 1955, and continued at a 
weekly average rate of 95 barrels per day for the first 15 weeks. The average well- 
head pressure gradually increased from 264 to 546 p.s.i. during that period. When 
the injection rate began to decrease rapidly, the well was acidized with 100 gallons 
of mud acid. The effect of the acid, with increased plant pressure, lasted approxi- 
mately 10 weeks. The daily rate of water injection declined from a peak of 99 bar- 
rels to 32 barrels per day. Then the well was acidized again (approximately 10 
weeks later, the fifth week of the test period) with very little success. On Decem- 
ber 7 (14th week), to prepare for the detergent test, the injectivity-index and 
pressure-decline tests were made on the well (fig. 4). After the wellhead tests the 
injection rate increased greatly for several weeks, indicating a breakthrough of in- 
jection water. However, during the detergent test (26th week) the well was behaving 
normally (fig. 5). Before the detergent test the well was backflowed, swabbed, and 
bailed dry. During the backflowing and bailing operation, considerable quantities 
of iron oxide and dirt were removed from the well. After bailing, 6 gallons of de- 
tergent and 2 barrels of water were run into the well; the casing was filled with 
water, the well was connected to the main water-supply line, and 2 barrels of water 
was injected at line pressure. The next morning pressure on the well was released, 
and the well was permitted to backflow. The well did not show an increase in the 
rate of backflowing, although a large quantity of iron oxide was present in the ef- 
fluent. The well was bailed, and 10 gallons of detergent was poured into the casing, 
which then was filled to the surface with water. The wellhead was reconnected to 
the main water-supply line, and normal injection was resumed. The rate of water in- 
jection into the well remained the same for the next 2 weeks; the injection pressure 
decreased about 50 p.s.i. Then a considerable increase in the injection rate was ob- 
served along with a pressure increase, which resulted in increased injectivity. 


During the 37th week of the test period the well was backflowed before the oper- 
ating pressure was increased, which increased the rate of injection for about 2 
weeks. The injection rate declined quickly, although the higher pressure was main- 
tained, Five weeks later (45th week), the well was treated with a mixture of 5 
pounds of citric acid and 1 pound of Triton X-100, which was injected through a 
lubricator. The well was shut in for a 24-hour period, and the treatment was re- 
peated. The input rate increased from an average of 8 barrels to 25 barrels per day 
as a result of this treatment. The increased rate was maintained for about 16 weeks 
at a wellhead pressure of 460 p.s.i., the lowest pressure in 13 weeks. 


Well W-69 


Water injection into well W-69 was begun December 16, 1954, and continued with- 
out interruption at an average rate of 95 barrels per day for the first 31 weeks of 
operation. The wellhead pressure increased from an average of 350 to more than 490 
p.s.i. during this period. A decrease in plant pressure at that time emphasized the 
decrease in the injection rate. The well was acidized with 100 gallons of mud acid 
during the 3d week of the test period and with an additional 50 gallons the follow- 
ing week. This treatment and a gradually increased wellhead pressure raised the 
rate of injection for 2 weeks, after which it declined slowly. 


On January 5, 1956 (17th week), injectivity-index and pressure-decline tests 
were made (fig. 6). On February 16, 1956 (26th week), the well was backflowed and 
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bailed, and 6 gallons of Triton X-100 detergent was poured into the well with enough 
water to dissolve the detergent. The casing then was filled to the surface, and ap- 
proximately 1 barrel of the detergent solution was injected into the formation under 
pressure, after which the well was shut in overnight. Some drilling mud and a large 
quantity of iron oxide were removed the next day when the pressure was released. 

The well backflowed at approximately twice the rate that it did before treatment. 
The well again was bailed dry, and 10 gallons of detergent was poured into the well- 
bore. After enough water had been added to fill the casing to the surface, the well 
was connected to the main water-supply line, and normal injection was resumed. The 
daily rate of injection increased from approximately 12 barrels at 460 p.s.i. to 16 
barrels at an average pressure of 445 p.s.i. After a few weeks of operation (28th 
week), a second series of injectivity-index and pressure-decline tests was begun to 
evaluate the results. (See table 1 and fig. 6.) 


In April 1956 (36th week) a drilling rig was moved over the well, and the well 
again was bailed. Fifty gallons of 15-percent mud acid was poured into the well, 
with enough water to fill the well to the surface, and the solution was left there 
overnight. The following morning the well was bailed again and another 50 gallons 
of acid was poured into it. After the well was filled to the surface, the main 
water-supply line was reconnected, and regular water injection was resumed, The 
daily rate of injection increased slightly from 11 barrels at 463 p.s.i. to 16 bar- 
rels at 465 p.s.i. 


Four weeks later (41st week), a series of treatments was begun with citric acid. 
A solution of 10 to 12 pounds of citric acid in water was lubricated into the well 
on 6 successive days. A slight increase in the rate of water injection and an in- 
crease in pressure were observed. Three weeks later (44th week) the well was 
treated again in 3 tests with 14 1/2 poundsof citric acid. No increase in the rate 
of injection was observed. 


The following week another cleaning operation was begun - essentially the same 
as the original detergent treatment in February. The well was opened and bailed dry. 
A mixture of 50 gallons of 15-percent hydrochloric acid and 3 pounds of Triton X-100 
was poured into the well and forced into the sand formation by water pressure. The 
well then was shut in overnight. The next morning the well was bailed dry and re- 
connected to the water system for a 24-hour period. The rate of water injection in- 
creased slightly. The well was bailed dry again, and a mixture of 10 pounds of 
citric acid and 5 pounds of Triton X-100 was put into the well with about 2 1/2 bar- 
rels of water. The well then was connected to the water-supply line, and the solu- 
tion was forced into the sand formation with about 1 1/2 barrels of water. The well 
was shut in for 28 hours, permitted to backflow for 2 hours, repressured to line 
pressure, shut in for 18 hours, and finally turned on for normal injection. This 
cleaning operation increased the daily rate of water injection from 16 to 22 barrels 
at 450 p.s.i. - the highest rate obtained from any treatment of this well. The ef- 
fect was somewhat greater than from citric-acid treatment (22 barrels per day at 
469 p.s.i.). Figure 7 shows the injection history of the well. The treatment dur- 
ing the 45th week with hydrochloric and citric acids, mixed with small amounts of 
the detergent, accomplished a considerable increase in the injection rate at a con- 
Stant pressure, which lasted for about 6 weeks. 


Well W-42 
Well W-42 was selected as a control well. Detergent was not used to treat this 


well, although injectivity-index and pressure-decline tests were made. Water injec- 
tion into well W-42 was begun January 5, 1956. The initial average daily rate of 


Google 


13 


O .060 


.050 


d/O ‘ALIAILO3IENI 


040 
030 
020 


OOI-X NOLIYL 81S9+9010V DINLID 87 Ol 
OO!I-X NOLIYL “81 € + IOH 1Vv9 OS 
Qldv OlyLID 81 Sol 


Oidv O1NLID 819729 


2-1 + IDH Tw9 OO! 


> 
aa 
> 
o (OOI-X NOLIuL 1¥99)2S3L INIOTIIIO 
w 
< 
z 
° 
- 
oO 
Ww 
i ] 
é 
GIdv GNW v9 OS 
Gidv ONW “Wd OO! 
aoa 
) ro) =) 
© “) 


Od ‘NOILDICNI 


° 
oO 
0 


1Sd ‘3YNSS3u¥d 


PRESSURE 


oO 
0 
¢ 


60 


55 


50 


45 


40 


35 


30 


25 


20 


I5 


10 


TIME, WEEKS 


Figure 7. - Injection record of well W-69. 
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water injection for the first week was 14 barrels at 550 p.s.i.; this rate declined 
gradually to 7 barrels per day. The well was acidized with 100 gallons of mud acid, 
which increased the daily injection rate to an average of 12 barrels per day. A 
second treatment with 100 gallons of mud acid the following week increased the daily 
injection rate to an average of 87 barrels. Finally, the daily rate of injection 
rose to an average of 100 barrels. This rate gradually decreased until, at the end 
of 13 weeks of injection, the rate had declined to 7 barrels per day, indicating 
rapid plugging of the sand face. Five weeks later (during the lst week of the test 
period) the well was acidized again with 100 gallons of mud acid. This treatment 
was followed with 250 gallons of mud acid the next week. The daily rate of water 
injection increased to about 130 barrels following this treatment. However, within 
2 weeks the daily rate had declined to about 50 barrels. Another 100 gallons of 
acid was injected into the well the 5th week, which increased the daily rate of 
injection to about 160 barrels for a 5-week period. 


In June 1956 (the 42d week of the test period) after the daily rate of injec- 
tion had declined rapidly to an average of 12 barrels, a solution of 15 pounds of 
citric acid was lubricated into the wellhead. The next week 10 pounds and the fol- 
lowing week 8 pounds of citric-acid solution were proportioned into the wellhead. 
These treatments increased the daily rate of injection from 12 to 85 barrels, but 
it gradually decreased to approximately 25 barrels. Figure 8 shows the reservoir 
characteristics and results of the wellhead tests; figure 9 shows the records of 
injection and treatment for the test period. 


DISCUSSION OF RESULTS 


Evaluating the results achieved by a field test is a complex process, because 
the success or failure of the test seldom is determined by a single effect but 
rather by interrelated effects. The results obtained in each well have been dis- 
cussed in detail in the experimental sections of this report. Therefore, general 
observations that apply to all the wells will be emphasized, 


The effects of the general treatment with detergent on the injection rates of 
wells W-29, W-55, and W-69 were somewhat obscured by unavoidable changes in the 
field injection pressure. However, the injection rates of wells W-29 and W-69 in- 
creased about 20 and 40 percent, respectively, after the treatment, although the 
injection pressure had decreased slightly. These results were corroborated by 
wellhead tests, which were made before and after detergent cleanout. The wellhead 
tests also indicate that the injectivity index and condition of the formation near 
the wellbore (skin effect) for W-55 were improved by the treatment. Well W-42, 
which was used as a reference well or blank, exhibited nearly constant wellhead 
behavior throughout the general test period. 


The general test involved bailing and swabbing the wells and might have been 
expected to effect some improvement whether or not a detergent treatment was used. 
However, the later results were obtained by injecting the detergent and citric acid 
into the well with a small metering pump and, generally, were more favorable than 
the results of the earlier tests; they indicate the efficacy of cleanout procedures 
using both a detergent and an acid in an attempt to obtain wetting effects of the 
oily solids and chelation or solublization of some of the metallic constituents. 


One benefit to all the wells that had the detergent treatment was derived from 
flotation of drilling clay, bits of rock, and large quantities of iron oxide to the 
surface. The large quantities of iron oxides in the injection waters were capable 
of plugging the well by being filtered out on the face of the wellbore. Proportioning 
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Figure 9. - Injection record of well W-42. 
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a citric acid solution into the water injected into these wells caused a large in- 
crease in the injection rates. This increase was short-lived (probably because the 
sand was plugged again), but subsequent treatment with citric acid and citric acid 
with Triton X-100 caused a more lasting increase in the injection rates. The best 
treatment might involve continuous or intermittent injection of citric acid to se- 
quester the iron, and detergent to increase the contact of the acid solution with 
the solid materials by increasing their wettability to water. 


The procedure used to treat the wells in this experiment was selected because 
the previous history of the field indicated the effect upon the injection rates of 
shutting in and bailing the wells. This procedure is not necessarily the most ef- 
fective nor the least expensive. Running a "macaroni" pipe string into the well and 
spraying the wellbore with detergent solution would be less expensive than setting a 
rig over the well and might prove to be a better means of cleaning the sand face. 
This is a standard procedure for treating newly drilled wells to remove ground ma- 
terial and drilling mud from the sand face. 


CONCLUSIONS 


1. The use of a nonionic detergent in cleaning-out procedures, involving bail- 
ing, swabbing, and backflowing, effected moderate increases in injection rates for 2 
of 3 input wells tested. Wellhead tests indicated some improvement in the condition 
of the formation immediately surrounding the wellbores. 


2. The detergent solution exhibited strong "flotation" effects during the 
treatment. Large amounts of drilling mud, chips, and rust were readily removed from 


the wells during backflowing of the detergent solution. 


3. A mixture of citric acid and nonionic detergent was rather effective for 
increasing injection rates when proportioned into the wells under pressure. 


4. The effects of using both citric acid and detergent in common solution are 
inseparable; when used singly, the effects are about equal in magnitude and duration. 


3. A temporary increase in the injection rate probably indicates inadequate 
treatment of the injection water. 
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